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(54) HIGH TENSILE STRENGTH STEEL EXCELLENT IN HIC RESISTANCE AND ITS PRODUCTION 

{57)Abstract 

PURPOSE: To produce a high tensile strength steel plate excellent 
in toughness and HIC resistance by specifying a composition 
consisting of 0, Si, Mn, Cu, Ni, Al, P, S, N, O, and Fe and also 
controlling the amount of segregation of Mn. 

CONSTITUTION: This steel plate has a composition consisting of, 
by weight, 0.01-0.20% C, <0.40% Si, 0.5-2.5% Mn. <2.0% Cu, <1.5% Ni, 
0.005-0.1% Al. <0.02% P, <0.005% S, <0.008% N, <0.005% O. and the 
balance essentially Fe and further containing, if necessary, one or 
more kinds among 0.005-0.10% Nb, 0.003-0.20% Ti, 0.01-0.10% V, < 
1.0% Cr, 0.05-1,0% Mo. <0.002% B. 0.0005-0.0050% Ca. and 0.001- 
0.02% REM. Further, the ratio of Mn content M in a segregation 
ozone to average Mn content MO is controlled to ^1 .20. The control 
of the amount of segregation of Mn is done by applying prescribed 
forging to the part in the vicinity of crater end at the time of 

continuous casting. is f'O 
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[^^] C : 0.01'-'0.20%. S1 : 0.40%t<T. M 

n: 0.5 --2.5%. Cu:2.0%l^T. Ni : 1.5 % 

ttT. AT : 0.005 --0.1 P : 0.02%WT. 

S : 0.005 VoVAT. N : 0.008 Yoi^XV. 

o : 0.005 %ar^^mc. mmmn6^(fCfeP)m^^c 
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[ii^^ 1 ] C : 0.01~0.20wt%, Si : 0.40wt% 

&.r. 

Ml : 0.5 ~2.5 «rt5^. Cu : 2.0 iirt%WT> 

Wi : 1.5 wt%tiT. Al : 0.005 ~0.1 wt%. 

P : o.02vrt%JiiT. S : 0.005 wt%Ji(T. 

N : 0.008 wt%Ji(T> O : 0.005 wt%felT 

i^lAi^WUM, tcS=t-r-i><l#fgB<DNti^WSMCDj;bM/M 

. i)ii.2(Mr-c$>^ct^mmt-rimH i d^tttc® lo 

[ii*3l2 } C : 0.01~0.20wt%> Si : 0.40wt5« 

Ml : 0.5 ~2.5 vyt5^. Cu : 2.0 wt9«iJ(T. 

NH : 1.5 vrt%iyT. AT : 0.005 ~0.1 wt%. 

P : 0.02wt%JWT. S : 0.005 vrt%t(T> 

N : 0.008 i¥t%fe(T, O : 0.005 wt%felT 

hb : 0.005 ~0.1Cwt%. Ti : 0.003 ~0.20vrt%. 

V : O.Ol~0.lO»rt*6. Cr : l.O i¥t%JWT. 20 

Ms: 0.05~1.0 Vft%. B : 0.002 wt%&rf. 

Ca: 0. 0005—0. 0050wt%, rem: 0.001 — 0.02wt% 

-r-SaWSPOMn^WSMcDibM/M, *5l.20Ji(T-C*S 

[gt*3S3 ] C : 0.01~0.20irt%. Si : 0.40wt% 

«T, 

Ml : 0.5 ~2.5 wt$^. Cu : 2.0 wt%Ji{T. 

Mi : 1.5 wt%Ji^T. Al : 0.005 ~0.1 vrt%> 30 

P : o.02wt%Ji<T. S : 0.005 wt%OT, 

N : 0.008 wt5^WT, O : 0.005 wt^tiT 

SMij^iH^i^Mn^WSMo iCQtbM/Mo *Sl.2ali<T 

n)fciS5g:*»^<s9!S3t:;^ffi. 40 

[000 1 ] 
[0002] 



*>€.«iS&»^*t{c^*-r**#^|2«n (H I C) (cta 
[0 00 3 ] H I CKoi^rtt. Ctl*t?{C^>SK©W 

[0 004] HI C©|!*±SE<!: UXit, iilT«:a-<S J: 

(1) Ni, cuBLact^<Dmmicj:*)mm<Djs-ki'^mi:mm 

(2) IHi«:J:i3f*SO-C«(in/a5Stt4±#3-l*.5MiS 
Ca, mJe^OtmUaic J: -oXCaS^ mH^iti^tU 

X. EM^ki>mmtmmimii, atimsiiiiri-fi, 
m^^mmm53-^4606^^. #iaE54-382i4#4> 

(3) Ml, PRofs«*jisi;s*>. *si»»i^^ffi;l5(Saa 

*IISt?fCff-^-C(g«)S^62«t-^ (!|$B8BS52-111815 
^^$S. !^§aBS50-97515#iS:fR) . 

(4) Esm^oMms.. 3bi>[,m&isrcitmxm!i!mi$.m 

!^iaBS62-112722#&$a. !^&BS62-23056#^i#a. 
Bg62-35452-^^>«) . 
[0 00 5] 

l,»pH©NACE?t?g (5%NaC1 + 0.59^CHOOH + l&*na S ) 

mri>cti}ix^-r. ^mmfi±mt$fc.^msixx 

[000 6] -r^CtJ^. ±12(1) ONi , Cu, Qr^'&mna 

*CDjc()S*5^»$n^Ct>, S/C(2) © ca, REKg^JjP^K: 

-ot,>rt> :T:i^!g5*5^fflL^-ri»S3«©*'C>g|5r»MiS 
©^:^i&^«^b*iEli/j:/c<s?). <fc O^bt^lf C-iglg-r 
%t>%rB. +:9'JSR*±m<t»)5:'=>^ft,». <!:t»'5©»Mi 
S©^^m*SefJiOT. ca, REM «r^SK:gRSn-r 

/rffifj ( &.Tft^'^ i (, > 0 ) ©s»sif fln L/ . -5 r H 
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ffliefe:^? &c « a T i Kjg * ^ o 

[0 00 7 ] CCD^B^CDgm. ±^U/c<i:^i^cCSe*e? 
(DH I CcO^^SSmfi^CcKS±Lt#^lSH I Cl^ttCCg lO 

[0 00 8 ] 

[0 0 0 9 ] rrxt:>i5C(Dmm<D^mmmtA(D^^K> 20 

1 . C : 0.0l--0.20vrt% (fe{T^CC%^^-r) . S1 : 0. 
40%tlT. Mn : 0.5 --2.5 Cu:2,0 wt%JE< 

T. Mi : 1.5 vrt%jyTv Al : 0.005 ^0,1 

P : 0.02%J^T. S : 0.005 %fc(T. N : 0.00 

8 %WT. O : 0.005 %t<T^^WL/. ^SP^HWWtC 

WSPcDMn^WMMCDibM/Mo 7!j^l.20jyT-C*'5 C i ^ 

m) o 30 

[0010] 2 . C : 0.01-^0.20%. S1 : 0.40% 

l^Tf. Mn : 0.5 --2.5 Cu : 2,0 %lTf . N1 : 

1.5 %JiiT. Al : 0.005 ~o.i P : 0.02% 

t^T, S : 0.005 %&rF. N : 0.008 %&rF. 

O : 0.005 %l^JT^^^L. 5^CC, Mb: 0.005 
~0.10%. Ti : 0.003 ^0.20%. V : 0.01--0,10 

Cr: 1.0 %&rF. Mo: 0.05-^1.0 
B : 0.002 %iUT. ca: 0.0005-^0.0050%. rem: 0.00 
1 '-0.02%<DO ^ii^hMA^fc 1 «X« 2«Ji(±*#W 

mmtmmm^c?^mmcfj:n . t^-Dm^w-^m^ 40 
2oiyT-c^^ci^^m<b-r^WH I ci^mcffin/cia 

[ 0 0 1 1 ] 3 . C : 0.01~0.20%. Si : 0.40% 

WT. Mn:0.5~2.5%. Cu:2.0%i^T> Ni : 

1.5 Al : 0.005 --0.1 %. P : 0.02% 

ttT. S : 0.005 %fe(T. N : 0,008 %«T. 

O : 0,005 %«T^^WL. ^gPt^ilHe^tCFeCD 

mL^t^i>mm^. mm^mLtc(oi=>. mmEM^mr 
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^^i^Nh^WfiMo <b<Dj:bM/Ma 7&^1.20WT<b^cSS 

[0012] lar, ccmm<Dmmtrj:'^fcmmi^^«. 

I CaSI^. ( 5%Naa + 0.5%CH0OH + tSfllH, S , 

pH«*5 <fc ^ 3 . o)<DNACB^*cc se^raast* ^^frrtf 

[ 0 0 1 3 ] S UC. iHn^i^iM/Mo iCDMi^?: 

^To [5I07&:»6BJ6?5^^CJ:^&C, M/Mo *5l.20^ffl^ 

^<b*!in:?&^^^'r^o ccommt. m/Mo ;&5i.2o^s 
o-m^rxi>mmmH i cn^^mr^mu^n^ 

[0014] 

mm^mmLfcm*(^-:>i>xsim'r^o 

C : 0.01'-0.20% 

©Jf^iCt^Cv^m^C LV^c C(Dfcisb(,CC<D± 

m^o.2o%tLtc(Dx$>K\. c(D±mm^m^6t. ^ 
^itjcmx^K^. mmrmmmm^&^i^icox. r 

|®^O.Ol%iL/Co tj:^. C(OmM(DWm^mi>M<B 
fll3:hSffiHti0.02^0.08%-e*'5)o 
[0 0 1 5 ] Si : 0.40%t^T 

si^^, m^mtLxmm^j:fc^^xfj:< . ^itjmtLx 
fc. t<(^cmii^(Dm^^mLi.^m^(fC. si^o.15%^ 

i5%«Tr&^o 

[0016]^h:0.5--2.5% 
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[0 0 1 7 ] Cu: 2.0 10 

\t^^±.^^^mmmnm^^±M^(ox. 2.0 

[0 0 1 8 ] N1 : 1.5 %«T 

i.5%^®;i^cb. mtmm^(DmKtimm'^n . wit 

m^l-n-r^oyx. i.5%t(TCDffiHiC//Co 20 
[0 0 1 9 ] A1 : 0,005 -^0.1 % 

Ym^'SL^fm^c'^m^tii>7mx;^ht\ -^m&t^ 0.0 

0.005--0.1 %C[)igHCC|5g^L//Co 
[0 0 2 0 ] P : 0.02%t<T 

juTib/co <L(o&^m^^tmis.(o^'C^m^xi,m^ 30 

[002ns: 0.005 %«T 

^W^TC^r&O, 0.005%«:jaiLai^<DS 
gJS*^SflfiE{b-r-5o fi£oTS0[)^WS«0.005%«T<b 

[0 02 2] N : 0.008 %ttT 

N&i. Wai^^b^Wg-r^TU^rti^^T)^. HAZSJtt 
RC>'?SS#il<D®914cDSlt^.:;&>6 0.008%«T<bL//Co 
[0 02 3 ] O: 0.005 %«T 40 

^-^iSL^mtims^r^u^ji^h. o.oo5%JWTi l 

[0024] S*fiK^}tCOliritt?aU/c:?&^, C<D 

^mx\t^ h^mT07m^m^<ovmxmimi>ct 

ISb: 0.005 --0.109^ 

mt. E.mn^cir-:^'ri- ^ V^XktHb {C. N) 
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6 

tcSSmW^CTcfgr^-So 0.005 

m'i'^(OX. 0.005--0.10%<?)fflffl<h LtCa 
[ 0 0 2 5 ] Ti : 0.003 --0.20% 

m(ovia^it^^m^-^^fc^(^^t{i^'tj:< ti> 0.003% 

(Dmmi^^ii^^^X$>^. -7?0.20%«:^x.^ i^aiST&^i^ 

eh 3te »p mtio^ib^ts < <o t? . 0 . 003^ 0 . 20% (omm 

[ 0 0 2 6 ] V : O.Ol'-'O.lO^ 

h*^<D@^tc<fcor^?:?»{b-r-57cS 

■c^-S^Oi, o.oi%*ri-cti-e(D?ajmX;^:^+^-c^O. — 

mmf)m&i^j;ir>xmitn>(ox. o.oi-o.io^cDffiH 

[0 0 2 7 ] Cr: 1.0 %i^T 

7&^6. 1.0%^a;^'5<!:?gJggRCDfi|g|b^*iiA5#SStt 
[0 02 8 ] Mo: 0.05--1.0 % 

^^SiSSriJ, S^Sl5K:Mo(DK<bJB9?&^WtBorS9tt*^ 

{b^-tf'SCD'C. 0.05--1.0 %CDffiHi L/Co 
[0 02 9] B : 0.002 %tiT 

ccwjAcctF-^-r^;!^^ 0,002 %^m^^tm^u<Dm 

{b*J3</c2?). ±RB* 0.002%ib/Co 
[0 03 0] Ca : 0.0005-^0.0050% 

±s.b<. -yjo.oosm^m^ ^mm^mmcomi^m^ 
mtj:i>mH I cni±^mii(fcmmw^R^^'r(Dx. o.oo 

05--0.0050%COffiH<b LtCo 
[ 0 0 3 1 ] REM : 0.001 -^0.02% 
REM Catm^(DM^^iy^i)^s M^X REMCDSSfb 

mim\mmu<D:r<y\'m^^\<>xi>^^bx^^ 

mLxmi^i\^±^-^^o $*fi*^ o.ooa^* 

?sr'«-ecD^i^55>^^ffl±?^j:<. -yjo.o2%^B^^mm 

t?, 0.00i--0.02%<DffiHt?^^3-li''S4><D<b L//Co 
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[0 03 2] ^Cte. ±mUtct*S*). TiiREM {J-e^l^ 

[0 03 3 ] Ji(±, iiLT)?X^ffi^KBSU-C. CCD^ 

<Dmm(oM.mutcmtifcmH i c<^'S:mi>tcibicit, 

L. H I CCDB^i>'e«l?:SjS-r*A^6-C**. i < 
[0 034] rsis, »>^■*:9^g|J^cfcws^*^^W*M©alJ 

St*. EPMA^ffllV {?ilx.{iW>i-4i^fcSi5(C*Jli-C. 40mmX 20 
40nin*. Z»fERO'CBfffi. 2 *^-r-:J^ti-4 

»-mt?tf;?.«ftt». ^CDffi5f©EPI*k©JfjSlf-AS« 100 
Wtn SS'CA-So 

[003 5] -Aic, sjjtxgccot^r^is-r-si. ^ii 
u-5?-i> Faster. ^jjnx€:ist-ci*wg-c 
tci xim 2 ccTH-r cfc 5 %«e©^*ig^?rfflt,»-cj)a 
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K. 5a, 5b(*r>f;U, -e br 6 U-A$:(*-C 
[0036] 

mnmn (L^^rsj) so-t^f juf-fsiss^iiK- (t:^ 
[Sj) «:»KL/. mm<Dms.tm^K.'o(,^xmmLtc, * 
/c, H I c^RcfCTODm,m^m\ mn i cittt 

(5%NaCl + 0.5%CH00H + fi&fOh. S , ScpHt*J!^J3.0)© 

mMmfj:mummm^wmKi0. tLtc. c t o d mm)^ 

(Di'!^f$.RZf^it^mtm BS 5762 (1979) (C^jSaU-C 
S3». CTOD5«il>}-©»Kfil[a«:^-r^>© 

u ©s*ii>t 1 1 Lfc. -e L-c^^ 2 ©itiaw^c^ifc 
«-io°c-ctf-p/c. 

[0 03 7] 

[^1 ] 
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[0 0 3 9 ] *2 J:»5?B6*^!&J:^{C> iHNo.i~io{il> 

WH I C#tt*SL/TCiS. CntC^tU. mtto.VHtC 30 
i8No.l2 «Si^Wfi?5^, iHNo.l3 ^^^4^$Wft 

H I CiRftt*«Ml>. 
[0 04 0] 
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